Thank you very much for submitting your research manuscript for consideration to The EMBO Journal editorial office. I apologize for the slight delay in getting back to you with a decision. This was caused by necessary further consultations as the enclosed reports are rather controversial. As you can see, ref#1 and #2 are supportive of your study. Their comments should improve the experimental evidence for your proposal. You would therefore have to address them satisfactorily. Ref#3 appreciates the biochemical results on telomerase processivity, but finds the paper too specialized for the more general reader. S/he also agues thatTPP1-mediated processivity has so far not been proven relevant for a biological outcome. In light of such concerns, I had to consult with an external advisor and also our Executive Editor to reach a balanced decision. In sum, we decided to invite revisions of your paper, as the (valid) biological argument seems out of the scope of the current study. I am therefore happy to inform that we are looking forward to a modified version of your work that should fully attend to all biochemical concerns raised by the referees. I also have to remind you that it is EMBO_J policy to allow a single round of revisions only, which means that the final decision on your manuscript entirely depend on the next and final version of your manuscript.
Referee #1 (Remarks to the Author):
The authors are investigating the mechanism(s) by which POT1 and TPP1 influence telomerase DNA extension processivity. A prior study, Wang et al. (2007) , had shown that the combination of POT1 and TPP1 activates telomerase but did not demonstrate how the activation was mediated. Here, the authors provide important insight into how POT1/TPP1 stimulates telomerase by showing that POT1/TPP1 prevents dissociation of the enzyme-DNA complex and increases enzyme translocation.
In considering the work for publication the following points should be weighed:
1. The authors demonstrate that either POT1 or TPP1 alone increases processivity and that the combination of POT1 and TPP1 leads to a more significant processivity stimulation ( Figure 1B ). Does the increase result from a cooperative interaction between POT1 and TPP1 or is it just from having twice as much protein? Protein titrations of POT1, TPP1 and POT1/TPP1 should be provided to demonstrate the cooperative effect of POT1 and TPP1. This concern is further highlighted by the increase in processivity with TPP1 in conjunction with gp32 ( Figure 4 ) at the same concentrations (1 µM) used in Figure 1B . Although the authors show that further increases in the concentration of TPP1/gp32 lead to inhibition, this decline might result from the higher amount of gp32. Does the processivity continue to increase if the level of gp32 is held constant and the amount of TPP1 is altered? 2. In Figure 1A the authors present data on the temperature dependence of the POT1/TPP1 effect. It would be helpful if the authors provided the quantified change in processivity for each time point at each temperature. Visually, the increase in processivity at 8{degree sign}C appears minimal. 3. The results presented in Figure 3 demonstrate that POT1/TPP1 cannot stimulate telomerase extension of a DNA primer lacking a POT1 DNA binding site. However, the author's suggestion that a single binding site is sufficient is not supported by the presented data. In Figure 3E the data indicate that POT1/TPP1 stimulates extension of the "m3" primer, which has 1 consensus POT1 binding site and 2 mutant telomeric repeats, and in Supplemental Figure 7 the data show that the m3 primer can apparently support 2 POT1/TPP1 bound complexes. The banding pattern of the m3 primer in the presence of POT1/TPP1 is comparable to the pattern for the 24TAG primer, which was used as a control to demonstrate that "two wild-type binding sites can be observed if they are present". Based on these data, it appears that a single consensus POT1 site is needed to both support an initial binding of POT1/TPP1 and to nucleate additional POT1/TPP1 proteins to the nonconsensus DNA sites. An evaluation of the longer DNA primers might clarify whether POT1/TPP1 continues to "spread" down the DNA from the consensus site (e.g., Are higher-order complexes apparent by EMSA?) or whether the consensus site can only support one adjacent POT1/TPP1 (e.g., Are only two DNAbound complexes observed no matter the length of the DNA primer?). 4. In Supplemental Figure 1 they show that Pot1 inhibits extension activity on DNA substrates with 3' overhang lengths of 6 bases and shorter. However, on the 7-base 3'-overhang length Pot1 alone appears to increase processivity. Is this apparent increase further enhanced in a Pot1 concentration dependent manner or does the processivity intensify with increasing 3'-overhang length in the presence of POT1 (i.e., is the increase more apparent with longer overhangs)? 5. Why does an increase in DNA primer lead to an increase in processivity, as shown in Supplemental Figure 2A ? The effect of primer concentration is rather unexpected since the concentration of telomerase is 0.2 nM, which is well below the lowest level of DNA primer used. Is the higher amount of DNA required for initial DNA binding or to promote rapid distributive extension? If the higher primer concentrations are required for efficient initial DNA binding, then the increase in processivity should be apparent even after free primer is removed (i.e., with washed complexes). The authors should differentiate these two possibilities. 6. The authors use the data in Figure 5 to argue that POT1/TPP1 facilitates telomerase recruitment to the DNA. They argue that under the utilized conditions "10% of the DNA was bound" by POT1/TPP1 and given the apparent telomerase stimulation, POT1/TPP1 must recruit telomerase to the DNA. The authors should support their argument by directly demonstrating that 10% of the DNA is bound by POT1/TPP1 under the used conditions. 7. Minor point for Figure 4A , the triangles should be redrawn so that the lanes that do not receive any gp32 or gp32/TPP1 (i.e., the unsupplemented reactions) are not covered. Perhaps a dash or U (Unsupplemented) could be used instead.
Referee #2 (Remarks to the Author):
In a series of elegant experiments, Latrick and Cech demonstrate that POT1-TPP1 enhances telomerase processivity by slowing primer dissociation and aiding translocation. Our eventual understanding of the complex regulation of telomerase-mediated telomere elongation requires an in depth stepwise and independent characterization of each contributing mechanism. The thorough in vitro enzymatic characterization of the regulation of telomerase-mediated elongation of telomeric substrates by POT1-TPP1 presented by Latrick and Cech is thus essential. Questions and comments: The authors report that the increased telomerase processivity is observed at substoichiometric concentrations of POT1-TPP1 relative to the DNA. Could the concentrations of POT1-TPP1 mediating effects on telomerase processivity in vitro be influenced by the increased telomerase expression present in the super-telomerase extracts which are used in these experiments? Do the authors speculate that substoichiometric concentrations of POT1-TPP1 would mediate increased telomerase processivity at telomeres of telomerase-positive cells not overexpressing telomerase? The ability of Pot1-TPP1 to promote telomerase processivity appears minimal in the absence of a POT1-TPP1 binding site. Yet some longer elongation products are observed in the presence of POT1-TPP1 ( Figure 3E ). Some binding (nonspecific) is also noted by the authors using a primer which does not contain POT1-TPP1 binding sites (72C-supplemental Figure 7 ). Could such nonspecific binding to non-cognate sites explain the presence of longer elongation products in Figure 3E ? In Figure 4 , the authors investigate the effects of gp32 (in the presence or absence of TPP1) on telomerase processivity. What is the effect of gp32 on telomerase processivity in the presence of both TPP1 and Pot1?
Referee #3 (Remarks to the Author):
In the manuscript "POT1-TPP1 Enhances Telomerase Processivity by Slowing Primer Dissociation and Aiding Translocation," Latrick and Cech expand on the previous report from the Lei and Cech labs showing that the addition of POT1 and TPP1 stimulates telomerase and improves the processivity of the enzyme (Wang et al., 2007) . The authors concentrate on dissecting the steps in telomerase action in vitro with the intent on determining the role of POT1 and TPP1 in each of the steps. The authors demonstrate that the addition of POT1-TPP1 slows the primer dissociation rate and leads to increased translocation efficiency. Moreover, a single POT1-TPP1-DNA interaction is shown to be sufficient for stimulating processivity. Finally, the data is consistent with the previously suggested ability of TPP1 to interact with telomerase and thereby mediate recruitment. While the approaches taken by the authors are straightforward and experiments executed with precision, the novelty of the data is limited by the previously reported observations. The biochemical details of these phenomena will certainly be appreciated by the biochemists in the telomere/telomerase field but appear of limited interest to the more general reader, including the non-biochemists in the telomerase field. Without further in vivo data, it is also difficult to gauge whether the TPP1-mediated processivity is actually relevant telomerase biology.
Detailed comments
Have the authors further characterized the recruitment of telomerase by POT1-TPP1? In particular, the question is whether the processivity effect is a mere consequence of protein-protein interactions that serve in a recruitment pathway or is there more to it?
The authors could address whether the addition of POT1-TPP1 increases single nucleotide addition processivity, which would support the "DNA synthesis" step proposed in the model. This can be accomplished by modifying the approach in Figure 2D .
A truncated form of TPP1 (AA 89-334) is utilized for the experiments described in the manuscript. This is a concern. Could the authors verify their main points with full length protein? The purification procedure of POT1 and TPP1 is not well-described. In the cases when POT and TPP1 are added together, are these proteins co-purified or added together from separate, individual purifications? It would be helpful to show the proteins stained on gel. Referee #1 (Remarks to the Author):
The authors are investigating the mechanism(s) by which POT1 and TPP1 influence telomerase DNA extension processivity. A prior study, Wang et al. (2007), had shown that the combination of POT1 and TPP1 activates telomerase but did not demonstrate how the activation was mediated.
Here, the authors provide important insight into how POT1/TPP1 stimulates telomerase by showing that POT1/TPP1 prevents dissociation of the enzyme-DNA complex and increases enzyme translocation.
1.
The authors demonstrate that either POT1 or TPP1 alone increases processivity and that the combination of POT1 and TPP1 leads to a more significant processivity stimulation ( Figure 1B) . Does the increase result from a cooperative interaction between POT1 and TPP1 or is it just from having twice as much protein? Protein titrations of POT1, TPP1 and POT1/TPP1 should be provided to demonstrate the cooperative effect of POT1 and TPP1.
We performed a titration where the concentration of either POT1 or TPP1 was doubled from 1µM to 2µM and the processivity quantitated in figure R1 (A, B, and C) . The processivity increases when both POT1 and TPP1 are present, each at 1µM (lane 6, P 1 
T 1 ). The quantitation in R1B, C shows that while adding either POT1 or TPP1 individually gives a slight increase in processivity, all these conditions are distinct from adding POT1-TPP1 together. Additionally, in figure 5A, the processivity is increased even at the much lower concentration of 100 nM PT. Thus, there is clearly a cooperative effect of adding POT1 and TPP1.
This concern is further highlighted by the increase in processivity with TPP1 in conjunction with gp32 ( Figure 4) at the same concentrations (1 &#x03BC;M) used in Figure 1B . Although the authors show that further increases in the concentration of TPP1/gp32 lead to inhibition, this decline might result from the higher amount of gp32. Does the processivity continue to increase if the level of gp32 is held constant and the amount of TPP1 is altered?
Although there is a slight increase in processivity with TPP1, we have not observed a concentration dependent increase in the processivity upon further addition of TPP1.
2.
In Figure 1A the authors present data on the temperature dependence of the POT1/TPP1 effect. It would be helpful if the authors provided the quantified change in processivity for each time point at each temperature. Visually, the increase in processivity at 8{degree sign}C appears minimal.
We quantitated the longest time point of each temperature with both telomerase alone and +PT in figure R2 . In all cases the addition of PT increases the processivity of telomerase. The ratio of stimulation (+PT/-PT) was 1.4 at 8°C which is less than the 2.0 seen at 30°C. The likely reason for this is that at 8°C the extension is much slower and the 2-hour time point was too short to show much increase in processivity. We are hesitant to include these values in the figure as each temperature was extended for a different time and it is unlikely that each of the longest times correspond to the 30°C 30 min time point. The point here was not to perform a complete analysis at each temperature, but simply to show that POT1-TPP1 stimulation of processivity also occurs at lower temperatures.
3.
The results presented in Figure 3 demonstrate that POT1/TPP1 cannot stimulate telomerase extension of a DNA primer lacking a POT1 DNA binding site. However, the author's suggestion that a single binding site is sufficient is not supported by the presented data. In Figure 3E the data indicate that POT1/TPP1 stimulates extension of the "m3" primer, which has 1 consensus POT1 binding site and 2 mutant telomeric repeats, and in Supplemental Figure 7 the data show that the m3 primer can apparently support 2 POT1/TPP1 bound complexes. The banding pattern of the m3 primer in the presence of POT1/TPP1 is comparable to the pattern for the 24TAG primer, which was used as a control to demonstrate that "two wild-type binding sites can be observed if they are present". Based on these data, it appears that a single consensus POT1 site is needed to both support an initial binding of POT1/TPP1 and to nucleate additional POT1/TPP1 proteins to the nonconsensus DNA sites.
We are unsure of what the reviewer is seeing in Supplemental Figure 7 . Primer m3 shows a single shifted band, corresponding to one bound POT1-TPP1 complex. Primer 24TAG has two shifted bands. We have clarified this figure by clearly labeling the well, the bound species, and the free DNA.
An evaluation of the longer DNA primers might clarify whether POT1/TPP1 continues to "spread" down the DNA from the consensus site (e.g., Are higher-order complexes apparent by EMSA?) or whether the consensus site can only support one adjacent POT1/TPP1 (e.g., Are only two DNAbound complexes observed no matter the length of the DNA primer?).
Primer 72 
4.
In Supplemental Figure 1 they show that Pot1 inhibits extension activity on DNA substrates with 3' overhang lengths of 6 bases and shorter. However, on the 7-base 3'-overhang length Pot1 alone appears to increase processivity. Is this apparent increase further enhanced in a Pot1 concentration dependent manner or does the processivity intensify with increasing 3'-overhang length in the presence of POT1 (i.e., is the increase more apparent with longer overhangs)?
This has been observed previously and was described in: Switching human telomerase on and off with hPOT1 protein in vitro (Lei M et al., JBC 2005, May 27; 280(21) 
:20449-56). The consistent observation is that POT1 near the 3' end of the DNA completely inhibits extension, but when there is a 7 nt 3' tail, the POT1-DNA complex is extended with slightly increased processivity.

5.
Why does an increase in DNA primer lead to an increase in processivity, as shown in Supplemental Figure 2A ? The effect of primer concentration is rather unexpected since the concentration of telomerase is 0.2 nM, which is well below the lowest level of DNA primer used. Is the higher amount of DNA required for initial DNA bindingyes --or to promote rapid distributive extension? If the higher primer concentrations are required for efficient initial DNA binding, then the increase in processivity should be apparent even after free primer is removed (i.e., with washed complexes). The authors should differentiate these two possibilities.
In Supplemental Figure 2A , at low concentrations of primer (below the primer Km) the reaction has a low velocity and so doesn't reach an endpoint for processivity in the time given. Thus, one measures "apparent processivity" which is lower than the true processivity. At higher primer concentrations, the reaction has high enough velocity that true processivity is directly measured.
6.
The authors use the data in Figure 5 to argue that POT1/TPP1 facilitates telomerase recruitment to the DNA. They argue that under the utilized conditions "10% of the DNA was bound" by POT1/TPP1 and given the apparent telomerase stimulation, POT1/TPP1 must recruit telomerase to the DNA. The authors should support their argument by directly demonstrating that 10% of the DNA is bound by POT1/TPP1 under the used conditions.
As shown in the new figure R3 , a gel shift assay was performed under the conditions used in the telomerase assay and the percent bound DNA was calculated. By 100 nM PT with 500 nM primer 18GTT, only 3% is bound due to the low amount of active POT1 (~40%) . This is consistent with our previous conclusion that a small fraction of the DNA is bound when we see increased processivity.
7.
Minor point for Figure 4A , the triangles should be redrawn so that the lanes that do not receive any gp32 or gp32/TPP1 (i.e., the unsupplemented reactions) are not covered. Perhaps a dash or U (Unsupplemented) could be used instead.
Thank you for the suggestion, this has been corrected.
Referee #2 (Remarks to the Author):
In a series of elegant experiments, Latrick and Cech demonstrate that POT1-TPP1 enhances telomerase processivity by slowing primer dissociation and aiding translocation. Our eventual understanding of the complex regulation of telomerase-mediated telomere elongation requires an in depth stepwise and independent characterization of each contributing mechanism. The thorough in vitro enzymatic characterization of the regulation of telomerase-mediated elongation of telomeric substrates by POT1-TPP1 presented by Latrick and Cech is thus essential. Questions and comments:
The authors report that the increased telomerase processivity is observed at substoichiometric concentrations of POT1-TPP1 relative to the DNA. Could the concentrations of POT1-TPP1 mediating effects on telomerase processivity in vitro be influenced by the increased telomerase expression present in the super-telomerase extracts which are used in these experiments? The ability of Pot1-TPP1 to promote telomerase processivity appears minimal in the absence of a POT1-TPP1 binding site. Yet some longer elongation products are observed in the presence of POT1-TPP1 ( Figure 3E ). Some binding (nonspecific) is also noted by the authors using a primer which does not contain POT1-TPP1 binding sites (72C-supplemental Figure 7 ). Could such nonspecific binding to non-cognate sites explain the presence of longer elongation products in Figure 3E ?
Yes, this is possible. Although POT1 has a preference for telomeric DNA, some nonspecific binding is likely causing the very slight increase in processivity in Figure 3E (a 1.1 
fold increase).
In Figure 4 , the authors investigate the effects of gp32 (in the presence or absence of TPP1) on telomerase processivity. What is the effect of gp32 on telomerase processivity in the presence of both TPP1 and Pot1?
We performed additional experiments as shown in figure R.4. The concentration of PT was held at a constant 2 µM while gp32 was increased in concentration. We found an intermediate result where high gp32 slightly lowers the processivity, but not as dramatically as gp32 alone. This suggests that PT and gp32 are competing for binding of the DNA substrate, but that as PT is a tighter binder, it is more often found bound to the end rather than gp32, and increases the processivity.
In the manuscript "POT1-TPP1 Enhances Telomerase Processivity by Slowing Primer Dissociation and Aiding Translocation," Latrick and Cech expand on the previous report from the Lei and Cech labs showing that the addition of POT1 and TPP1 stimulates telomerase and improves the processivity of the enzyme (Wang et al., 2007) . The authors concentrate on dissecting the steps in telomerase action in vitro with the intent on determining the role of POT1 and TPP1 in each of the steps. The authors demonstrate that the addition of POT1-TPP1 slows the primer dissociation rate and leads to increased translocation efficiency. Moreover, a single POT1-TPP1-DNA interaction is shown to be sufficient for stimulating processivity. Finally, the data is consistent with the previously suggested ability of TPP1 to interact with telomerase and thereby mediate recruitment.
While the approaches taken by the authors are straightforward and experiments executed with precision, the novelty of the data is limited by the previously reported observations. The biochemical details of these phenomena will certainly be appreciated by the biochemists in the telomere/telomerase field but appear of limited interest to the more general reader, including the non-biochemists in the telomerase field. Without further in vivo data, it is also difficult to gauge whether the TPP1-mediated processivity is actually relevant telomerase biology. 
Detailed comments
This is an interesting question, but beyond the scope of the study.
We attempted to measure this, but the reaction was too fast to measure accurately, indicating that it is not the rate-limiting step. We then focused on the slow step of the telomerase extension cycle, translocation.
A truncated form of TPP1 (AA 89-334) is utilized for the experiments described in the manuscript. This is a concern. Could the authors verify their main points with full length protein?
While we would like to work with the full-length protein, this is not possible to do as full length TPP1 is both very poorly expressed and insoluble. The construct used for this study contains both the OB-fold domain, and the POT1 interaction domain.
The purification procedure of POT1 and TPP1 is not well-described. In the cases when POT and TPP1 are added together, are these proteins co-purified or added together from separate, individual purifications? It would be helpful to show the proteins stained on gel.
We are happy to address this point by including a stained gel in the new Supplemental Fig.  1A . In all cases, the proteins were purified separately (POT1 from baculovirus-infected cells and TPP1 from E..coli) and added individually. We have expanded discussion of the purification procedure in the legend to Supplemental Fig. 1A . Your revised manuscript has now been re-assessed by one of the original referees whose comments you will find enclosed. This scientist remains unsatisfied with the distinction between single and double-POT1 binding primers. To resolve this issue, quantification of the gel-shifts is recommended. I kindly ask you to include this into suppl. Fig 7 and provide us with the ultimate version as soon as possible to enable final acceptance.
Thank you for the opportunity to consider your work for publication.
Yours sincerely,
Editor
The EMBO Journal REFEREE REPORT Referee #1 (Remarks to the Author):
In general, the authors have done an acceptable job addressing my original critique. Unfortunately, a glaring exception is their response to point #3, which is stated below.
3.
Their response "We are unsure of what the reviewer is seeing in Supplemental Figure 7 ..." was inadequate in this reviewer's opinion. Given the importance of demonstrating that only a single POT1/TPP1 binding site is sufficient to regulate telomerase, I think this data should be further supported.
It is possible that I am just not seeing the data as the authors are seeing it. I believe that one straightforward, quantified experiment will resolve the different interpretations of the presented data. A POT1/TPP1 titration should be performed using primers m3 and 24TAG and then the data should be quantified in the areas covering the free DNA, single-bound and double-bound.
If the quantified data is consistent with the author's conclusion then I feel the work is completely acceptable and provides an important contribution to our understanding of telomerase regulation. If, however, POT1/TPP1 forms an apparent "double-bound" complex with the m3 primer then the authors should make the appropriate revisions to the conclusions drawn. Thank you for the comments. We now understand the referee's concern, and fortunately we can provide the requested data and analysis.
The referee requests "A POT1/TPP1 titration should be performed using primers m3 and 24TAG and then the data should be quantified in the areas covering the free DNA, single-bound and doublebound." We have now expanded Supplemental Figure 7 to include these new data.
First, it should be noted that the double-bound DNA band that the referee saw in the original Supp Fig. 7 (now part A of the new Supp Fig. 7 ) amounts to < 2% of the counts in the lane (see part B). So it is there, but it is minor.
Second, when we do the titration to lower protein levels --levels where POT1-TPP1 still has a stimulatory effect on telomerase processivity --the double-bound band becomes undetectable. More specifically, in lanes 1 and 2 of part C, you can clearly see the double-bound band for the 24TAG control primer but not for the m3 primer. By Phosphorimager analysis we can see no double-bound DNA to quantify, so we list the amount as "nd" for "not detected" in the 
